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Historical Background of SSME Advance Health 

Management Effort 
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• Industry surveys and study contracts 

Maturity of technologies compared to possible benefits 



Sensor and Software Improvements 
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Early Advanced Health Management Development 
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• Identify problem in real time - added confidence in mitigation action 

Hardware architecture studies conducted 



Final Health Management Configuration 
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Phase IIA - develop RTVMS, OPAD, LEM and HMC including flight testing 
Phase IIB - production of HMC 


SSME Advanced Health Management System 
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System Architecture 




Health Management Features 




Active Controller Synchronous Vibration Redline 

Phase /, Task #1 





Real Time Synchronous Algorithm 

Status of Algorithm Verification Testing 
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Playback of dynamic data 



Reliability Improvement Tree 



SSME Failure Probability Reduced 26% 
Shuttle Failure Probability Reduced 9.8% 



HMC Advanced RTVMS Benefits 

Phase IIA, Task #2 
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Advanced RTVMS in the HMC provides much 
greater insight into turbopump health 




OPAD system tested on 
development engines 0523 and 0525 



OP AD Benefits 

Phase IIA, Task # 3 
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System operates in Real-Time (200hz sample rate) 

OPAD is an extremely sensitive, non-intrusive 
technique for assessing engine health 



SSME Advance Health Management 

SSME Linear Engine Model 
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Quality of match rated from 0 to 100% 
Modified to run in real time 
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Health Management Computer (HMC) 

Phase IIA, Task #2 
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Maximize use of off-the-shelf hardware while maintaining 
reliability 
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Integrated Health Management Computer Benefits 
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Integrated Health Management Computer Benefits 

Test 901-853 Blade Failure 



Integrated Health Management Computer Benefits 

Reliability Assessment Overall Plan 


<0 

t 

<D 

Q. 

X 

0 

(0 

E 

0 

00 
> 
0 0 

LU 

2 

(/) 

0 ) 


■O 

0 

(0 

o 

a. 

E 

o 

o 

■O 

0 

E 


E 

as 

0 

0 

c 


0 

-X 

O 

o 

oc 

o 

Li. 

(/> 


(0 

0 

3 

0 

75 

c 

0 

o 

Q. 


0 

3 

0 

> 

0 


0 

(0 

0 

.Q 

0 

0 

"O 

~G 

0 

O 


~o 

0 

N 


CO 

0 


0 

D) 

_C 

CO 

0 
-t— > 

0 


CO 

~o 2 

0 

N CO 


*■3 < 

3 LU 

C ^ 0 0 

0 LL X CL 

0 . - . 


"D 

0 

75 

O) 

■■■■ 

■ Ml 

E 

~o 

c 

0 

"O 

0 

73 

0 

0 

~o 

0 

n 

o 


JQ 

0 


~o 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

75 


0 

3 

O" 

o 

0 

0 

>» 

0 

c 

0 

(/> 

< 

a: 

o 


0 t i 


"O 

0 

.E c 

JQ O 

n 

° "O 
C 0 

o *- 

'■3 > 

0 .ts 

3 = 

75 -g 
o 5 

0 2 

r a. 

0 0 
Q. il 

X 3 

0 = 

0 .2 

E = 

0 0 


o 

0 . 


0 0 
> > 
(/) o 



Integrated Health Management Computer Benefits 

Quantified Reliability Assessment 
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ignoring 100+ failure modes which can be mitigated 
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SSME Is the First Reusable Large 
Liquid Rocket Engine 
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Block IIA 

SSME Propellant Flow Schematic 

104.5% ofRPL 
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Rocket Propulsion Systems Place Greater Demands 

on the Hardware 





Advanced Health Management Tasks 
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Task #4: LEM as MOD Tool 

Task #5: Phase IIB Requirements Definition 



Vibration Redline Benefit Assessment 

Based on Hot-fire Experience 
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Remaining failures in total historical database not vibration 
related 


Risks in Activating Redlines 
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Determine proper redline based on hot-fire experience 


STS-32R Noisy Signal Problem 

Historical Real Time Redline Could Not Distinguish Noisy Signal 
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RTVMS Identifies Signal Integrity 

Real Time Signal to Noise Comparison 






HMC RTVMS Benefits 

HPFTP/AT Blade Problem Indicated by RTVMS - Test 901-853 



Sample OPAD Data Chart 

Blade Failure Test 901-853 
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Blade material indications correlate 
with vibration data 



Integrated Health Management Computer Benefits 

Phase 1IA, Task # 5 
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Integration of HMC results will improve Situational 
Awareness and provide Failure Mitigation Options 



Integrated Health Management Computer Benefits 

Initial Reliability Assessment - Conclusions 
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